Equations are derived to describe the propagation of axially symmetric waves generated at the apex of a conical shell, taking into account the coupling between longitudinal and transverse waves. A form of approximate solution is proposed, based upon the Green's function for wave propagation on a fiat plate but containing several variational parameters, the number of which can be reduced to one if additional approximations are made. It is shown that the region of the cone near the vertex moves amost like a rigid body, but the motion becomes wavelike at a distance from the vertex which decreases rapidly with increasing frequency, and at large distances the propagation is essentially the same as on a fiat plate. The one-parameter approximation is investigated numerically for two realistic situations, and appropriate solutions are presented and discussed.
INTRODUCTION
The vibrations of conical shells have been studied by many people,•-? partly because of the intrinsic interest of the problem and partly because of the obvious practical importance of the subject in the design of loudspeakers. For this reason attention has been concentrated on evaluating eigenfrequencies and mode shapes for conical frustra either clamped or free at their truncation planes.
The present study has initially been developed towards an understanding of the propagation of axisymmetric waves generated at the apex of a thin conical shell extending to infinity. This approach, which does not appear to have been followed before, gives considerable insight into the vibrational behavior of conical shells, from both physical and mathematical viewpoints, without the complications inherent in considering reflection from boundaries.
In the interests of simplicity, we consider only the case of waves generated by an axial simple-harmonic displacement of the vertex of the cone. Torsional wave propagation could be treated rather similarly but the mathematical framework is quite different, as also is the physical context. The form chosen for the applied force, which acts axially at the apex and will be assumed to be sinusoidal, leads to a total forcs: amplitude F. In the real physical situation the The two coupled equations {5• and {8} now specify the complete vibration behavior of the system in the linearized thin-shell approximation. The arguments by which they were derived may appear to lack rigor even in this approximation, but it is comforting to note that the resulting equa- It is also worth noting that in the limit a = 90', corresponding to a fiat plate, the two equations are no longer coupled and reduce to the expected simple forms. At the other extreme, a = 0 ø, the cone becomes a cylinder of radius R = r tan a and, if R is taken as finite, the equations once again have their expected simple uncoupled forms.
II. APPROXIMATE SOLUTION OF THE EQUATIONS
Solution of the coupled equations (5) and {8) over the whole domain 0<r < oo and with boundary conditions cotresponding to outgoing waves generated at r = 0 would appear to present difficulty because of the singularity in the coefficients of both equations at r = 0. This problem was noted by Goldberg • in developing a series solution for a conical frustrum. Paradoxically it turns out that actual inclusions of the point r = 0 in the physical problem removes the difficulty provided the cone angle a is finite.
Before examining this point, however, we observe that the asymptotic solution to the equations in the limit of large ß is simple, for they then reduce to the forms ph y• -AV,•f 19) and = nv, 
{26}
The parameter A will depend on frequency and on the semiangle a of the cone, and we expect that k, < k, because the hoop stresses make the cone stiffer than the fiat plate near its vertex. The phase shift 8• in the asymptotic form (11) We therefore adopt this restriction.
Since we have abandoned the search for an exact solution in favor of a reasonably compact analytical approximation to such a solution, we must now devise an appropriate procedure to determine the two remaining parameters A and •. Unfortunately, since the domain of the problem is open rather than closed and the boundary conditions are inhomogeneous rather than homogeneous, we cannot use the standard variational methods of eigenfunction theory. We must therefore, instead, devise a heuristic approach appropriate to our particular problem. To do this we note that, if we had by chance achieved in (24) and (28) a set of functions including among them the exact solutions of (5) 
